The management of men with metastatic castration-resistant prostate cancer (CRPC) has taken several leaps forwards in the last two years, with the demonstration of improved overall survival with three novel agents (sipuleucel-T, cabazitaxel and abiraterone acetate) and a significant delay in skeletal-related events observed with denosumab. The pipeline of systemic therapies in prostate cancer remains strong, as multiple agents with a diverse array of mechanisms of action are demonstrating preliminary signs of clinical benefit, leading to more definitive Phase III confirmatory trials. In this review, we will discuss the evolving landscape of treatment options for men with CRPC, with a particular focus on currently approved and emerging treatment options for these patients. Knowledge of these evolving standards will help to optimise delivery of care and long-term outcomes in men with advanced CRPC.
Androgen deprivation therapy is the most effective systemic treatment for recurrent prostate cancer; however, the vast majority of these patients will eventually develop resistance to hormonal approaches (see Table 1 ) necessitating other forms of therapy. Although several chemotherapeutic strategies have been employed to treat castration-resistant prostate cancer (CRPC), it was not until 2004 that one such approach was shown to be life-prolonging.
In that year, two Phase III clinical trials reported a survival advantage with the use of docetaxel chemotherapy in men with metastatic CRPC, 2, 3 resulting in the US Food and Drug Administration (FDA) approval of this agent. However, while docetaxel is both palliative and life-prolonging, it is not the ultimate answer for patients with CRPC, as virtually all men develop eventual resistance to this chemotherapy agent or are unable to tolerate its toxicities long term.
Until 2010, there were no additional treatment options conferring a survival benefit for patients with CRPC, although mitoxantrone was often employed in these patients for its palliative effects on bone pain. 4 This situation changed in 2010 when an autologous immunotherapy product, sipuleucel-T, was FDA approved for the treatment of minimally symptomatic or asymptomatic metastatic CRPC, based on the results of a randomised Phase III trial comparing this agent against a placebo. In that same year, a randomised Phase III trial demonstrated a survival advantage for a novel taxane, cabazitaxel, over mitoxantrone in men with metastatic CRPC that had progressed after prior docetaxel therapy. Based on those results, cabazitaxel was approved by the FDA for the second-line treatment of metastatic CRPC. Several months later, an oral agent with the ability to suppress extra-gonadal androgen synthesis, abiraterone, was also reported to improve survival in a Phase III study when evaluated against placebo in men with docetaxel-pre-treated metastatic CRPC, resulting in the FDA approval of this agent for patients that have previously received docetaxel (see Figure 1 ). In addition to these life-prolonging therapies, novel bone-targeting approaches are also being developed to address skeletal complications resulting from bone metastases. To this end, an osteoclast-inhibiting agent, denosumab, was FDA approved in 2010
for the prevention of skeletal-related events (SREs) in men with castration-resistant bone metastases after showing superiority against the previously approved bisphosphonate zoledronic acid (see Figure 1 ). Given this abundance of new treatment options, a new question emerges: how do we selectmen for each new therapy, and in what sequence should these agents rationally be given? This review discusses the four novel therapies that have recently become available for the management of patients with CRPC, and will also highlight emerging agents that have shown promising activity and are currently in Phase III clinical development (see Table 2 ).
Four Newly Approved Agents

Sipuleucel-T
Cancer immunotherapy refers to approaches that attempt to treat cancer by activating an immune response against malignant cells while overcoming tumour-induced tolerance, a major resistance mechanism.
Prostate cancer may be an ideal target for immunological attack because it produces several tissue-specific proteins that may serve as tumour antigens; these include prostate-specific antigen (PSA) and prostatic acid phosphatase (PAP). This notion has been applied to the Prostate Cancer
PAP-loaded dendritic cell immunotherapy. 5 During treatment with sipuleucel-T, a patient's own antigen-presenting cells are collected by leukapheresis and co-incubated with a fusion protein containing PAP linked to granulocyte-macrophage colony-stimulating factor (GM-CSF).
After culturing this fusion protein with the antigen-presenting cells, the primed immunotherapy is then reinfused into the patient, activating T-cells via major histocompatibility complex (MHC) class I and class II molecules and resulting in a PAP-specific antitumour attack. 6 Several early-phase clinical trials using sipuleucel-T have been conducted that demonstrated the safety of this personalised cellular product, as well as hinted at the potential ability to improve outcomes. Two small randomised Phase II trials powered to detect a progression-free survival advantage failed in their primary endpoint but did show a survival advantage of four-five months over placebo that was significant. 7, 8 Adverse events with sipuleucel-T are generally mild and include fever, chills/sweats, myalgias and headaches. These usually occur during or shortly after infusion of the immunotherapy.
To definitively evaluate the effect of sipuleucel-T on survival, a pivotal multicentre Management of Metastatic Castration-resistant Prostate Cancer
Similar to previous studies with sipuleucel-T, the IMPACT study found no difference in progression-free survival or PSA/radiographic response rates between the two treatment arms. Some investigators attribute the discordance between progression-free and overall survival to a possible class effect of immunotherapy agents relating to their mechanism of action, which is distinct from cytotoxic therapies. To this end, a similar phenomenon has been observed in a study using a PSA-directed poxviral-based immunotherapy product (Prostvac ® -VF) in men with metastatic CRPC. 10 Problematic endpoints such as progression-free survival in CRPC (which may be confounded by bone scan flare or delayed-onset effects) may perhaps be better addressed by revised guidelines using outcomes that are tailored to immunological agents.
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Cabazitaxel with Prednisone
Cabazitaxel (Jevtana ® , Sanofi-aventis) is a novel tubulin-binding taxane that differs from docetaxel and paclitaxel due to its poor affinity for P-glycoprotein, the adenosine triphosphate (ATP)-dependent drug efflux pump. 12 In pre-clinical studies using cancer cell lines and mouse xenograft models, cabazitaxel was shown to be active in both docetaxel-sensitive tumours as well as those with primary or acquired docetaxel resistance. 13 The first hint of cabazitaxel's safety and efficacy in men with prostate cancer arose during Phase I testing, where cabazitaxel was administered by intravenous infusion every three weeks at escalating doses of 10-25 mg/m 2 . 14 In this study, the principal dose-limiting toxicity was neutropenia. Given the lack of cross-resistance of this agent with docetaxel and early reports of responses in men with CRPC from this Phase I trial, Prostate Cancer
with Eastern Cooperative Oncology Group (ECOG) performance status 0-1 (versus 2), and for patients with disease progression within three months of docetaxel initiation (versus ≥three months of docetaxel initiation). 15 The last observation implies that cabazitaxel may be effective even in men with truly docetaxel-refractory disease. The most common serious adverse events related to cabazitaxel were haematological, including grade ≥3 neutropenia in 82 % of patients (febrile neutropenia in 8 %). 15 This degree of myelosuppression begs the question of whether a lower dose of cabazitaxel (e.g. 20 mg/m 2 ) may have been more appropriate, and a randomised trial comparing the safety and efficacy of these two doses (25 mg/m 2 versus 20 mg/m 2 ) is now being conducted (see Table 2 ). Use of growth factor support should be strongly considered, as reflected in several national guidelines. 16 Other non-haematological toxicities included grade ≥3 diarrhoea (6 %), and grade ≥3 fatigue (5 %). Encouragingly, although peripheral neuropathy (all grades) was observed in 14 % of patients receiving cabazitaxel, only 1 % developed grade 3 neuropathy.
Abiraterone Acetate with Prednisone
Ectopic (adrenal, intra-tumoural, paracrine) androgen production in the setting of gonadal ablative therapies represents an important resistance mechanism in CRPC (see Table 1 and Figure 2 ). Abiraterone acetate (Zytiga™, Janssen) is an oral, potent, selective and irreversible inhibitor of the steroidogenic enzyme CYP17, blocking both its 17α-hydroxylase and its C17,20-lyase activity. 17 As a result, extra-gonadal androgen production is impaired through the inability to convert pregnenolone to dihydroepiandrostenedione and progesterone to androstenedione. In an initial Phase I study in men with chemotherapy-naïve CRPC, it was shown that the primary toxicities of abiraterone (hypertension, hypokalaemia and peripheral oedema) were related to a syndrome of secondary mineralocorticoid excess due to feedback upregulation of mineralocorticoid synthesis and were largely reversible after administration of an aldosterone receptor antagonist or a corticosteroid. 18 For this reason, in several subsequent trials, abiraterone was combined with low-dose prednisone, which may also Table 3 ), while the survival of men treated with prednisone alone was slightly inferior to that of mitoxantrone/prednisone in the TROPIC trial Table 2 ). Given the comfort level and safety of using this and other hormonal agents in prostate cancer patients prior to chemotherapy, it is very likely that abiraterone will eventually be used clinically in both the pre-and post-docetaxel settings. 
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Denosumab -An Osteoclast-targeted Therapy and also has the advantage that it does not require dose adjustment or monitoring for renal impairment. However, because of the risk of developing osteonecrosis of the jaw, a dental examination should be performed prior to starting this agent and major dental procedures should be avoided while men are receiving this therapy.
Emerging Agents in the Pipeline
Orteronel -A Novel CYP17 Inhibitor
Orteronel (TAK-700) is a new oral, non-steroidal, selective CYP17 inhibitor that is more potent than abiraterone at suppressing extra-gonadal androgen biosynthesis without impairing cortisol production, 29 providing a theoretical advantage of preventing adrenocorticotrophic hormone (ACTH) feedback upregulation and avoiding complications related to secondary mineralocorticoid excess (see Figure 2) . In a Phase I/II study using orteronel in patients with metastatic CRPC, 52 % of men receiving daily doses of ≥600 mg demonstrated ≥50 % PSA reductions (and 29 % of men showed ≥90 % PSA declines). 30 Importantly, the incidence of hypertension and hypokalaemia in this trial was low, supporting the notion of preferential inhibition of C17,20-lyase over 17α-hydroxylase in humans. Based on the initial promising activity, two multicentre randomised Phase III trials of orteronel in combination with prednisone versus prednisone alone in metastatic CRPC have been launched both before and following docetaxel-based chemotherapy (see Table 2 ).
MDV3100 -A Novel Androgen Receptor Antagonist
A slightly different AR-directed approach has focused on the development of second-generation anti-androgens that have advantages over the established agents in this class (bicalutamide, nilutamide, flutamide). One such drug is MDV3100, a potent oral non-steroidal AR antagonist (see Figure 2 ). 31 Importantly, MDV3100 remains a potent antagonist of the AR in the castration-resistant state, even in the setting of overexpressed or constitutively activated AR. 32 In addition, unlike other antiandrogens that may also function as partial AR agonists, MDV3100 does not exhibit any measurable agonistic activity and is able to prevent AR nuclear translocation with resultant tumouricidal (not cytostatic) activity. 33 Notably, recent studies have demonstrated the emergence of ligand-independent AR splice variants in CRPC, some of which may also be inhibited by MDV3100. A Phase I/II study of oral MDV3100 in men with chemotherapy-naïve (n=65) or taxane-pre-treated (n=75) metastatic CRPC has recently been published. 34 In that trial, ≥50 % PSA declines were seen Table 2 ). One advantage of MDV3100 over agents such as abiraterone or orteronel is the lack of requirement for concurrent corticosteroid administration. However, the optimal sequencing of this agent, if approved, with immunotherapies and other emerging hormonal therapies will need to be defined through future clinical trials. Finally, newer AR antagonists (e.g. ARN-509 and others)
have also entered early-phase clinical trials.
Ipilimumab -Immune Checkpoint Blockade
Due to on-going host immunological pressures on evolving tumours, cancers have developed mechanisms to escape immune surveillance, effectively inducing a state of immune tolerance. 36 One way to inhibit immunological evasion by tumour cells is through blockade of the immune checkpoint molecule cytotoxic T lymphocyte-associated antigen-4 (CTLA-4), thus preventing the normal attenuation of antitumour T-cell responses. 37 In murine prostate cancer models, CTLA-4 inhibition has been shown to potentiate T-cell effects and induce tumour rejection.
Several clinical trials using the monoclonal anti-CTLA-4 antibody, ipilimumab, have been conducted in men with metastatic CRPC. These include Phase I and II studies of ipilimumab monotherapy or in combination
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with radiation, 38 as well as a Phase I study combining ipilimumab with GM-CSF. 39 (1 %) and even hypophysitis (1 %). 40 Ipilimumab is now in placebo-controlled Phase III testing in the post-docetaxel setting in men with CRPC following a palliative and perhaps immune-stimulatory dose of radiation to a metastatic site, with the intent to demonstrate a survival advantage over radiation alone. A second pre-docetaxel placebo-controlled study is also under way (see Table 2 ).
Conclusions
With more drugs at our fingertips for the treatment of metastatic CRPC than ever before, and an increasing number of novel therapeutic targets being discovered every day, we are still left with several challenges and unanswered questions. First, we must determine how these approved and experimental therapies should ideally be sequenced in individual patients with CRPC. For example, should sipuleucel-T routinely be given prior to chemotherapy or abiraterone with prednisone? Should abiraterone be reserved only for docetaxel-resistant patients? How should we treat cabazitaxel-refractory patients? Second, we will need to develop strategies to optimally combine these drugs in a rational manner, taking advantage of our understanding of negative feedback loops and alternative pathway activation to overcome resistance to monotherapies.
Ultimately, only prospective trials incorporating biomarker-driven hypotheses will be able to address these key clinical questions. Thus, the collection of tumour specimens or correlative samples may be essential in identifying novel targets or developing enrichment strategies for future study of these agents. Third, we must design smarter trials with the goal of quickly yet reliably identifying agents that do not hold promise, while enabling those that do to move swiftly to registrational studies. For example, in the clinical development of MDV3100 and cabazitaxel, pivotal
Phase III trials were designed directly following the initial Phase I/II studies that demonstrated significant drug activity in men with CRPC. Finally, we must select our patients more carefully based on clinical or molecular characteristics, in order to identify the subset most likely to benefit from a particular therapy. For example, in men with significant pain, perhaps sipuleucel-T is not appropriate systemic therapy given the prolonged onset of action and lack of palliative benefits; additionally, immune-based biomarkers may shed light on which men may obtain a greater degree of benefit from immunotherapies.
In conclusion, cabazitaxel was the first agent to be approved by the FDA for men with metastatic CRPC who have progressed after docetaxel chemotherapy, and abiraterone acetate was the second FDA-approved drug in this same patient population. In addition, sipuleucel-T has been FDA approved for patients with asymptomatic or minimally symptomatic metastatic CRPC, and may be best utilised in men without visceral metastases. In addition, denosumab gained FDA approval for the prophylaxis of SREs in men with castration-resistant bone metastases, and may have some advantages over zoledronate. In addition, palliative radiation or radiopharmaceuticals (e.g. samarium, strontium or investigational radium) may play a significant role in the management of men with symptomatic disease, both before or after systemic therapies.
Several additional active agents are currently in Phase III development, and some of these therapies are also likely to further expand our therapeutic arsenal for men with metastatic CRPC in the near future. n
